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f o r  t h e  
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THE CARSUilCTOR RAM AND DRAG 

By J. Ford Johnston, Vornwd B. I<la.~~~ans 
and Edward C .  B, Danforth 111 

F l i z h t  t e s t s  of an A-2613 a i r a l a n e  havz been conducted 
t o  d-etermfne the  chan;:os i n  maxixuT speed, as a f f e c t e d  by 
chaiqss i n  carbupetor ram and aerodynamic refinement of 
the  n a c e l l e s ,  r e s u l t i n g  from t he  addi t ion  of s ea l ed  spinners 
arid modffication of  the charge a i r  system, cowling, and 
nacel lz  a f t e rbod ies .  The changes in nace l l e  drag r e s u l t i r g  
from these  modif icat ions ~ i e r e  measwed independently by 
means of a revolvjmg vmlce survey rake behind t h e  n a c e l l e  
and boundary l age r  rakes  on the cowling, arid provide a 
q u a n t i t a t i v e  C~RCIC of  the  speed ;liieasurernents as wel l  as a 
nems of analyzing t h e  coniponerits o f  nace l l e  drag. 

, The ,h ighes t .  carbure tor  ram, equivalent  to, an increase  
of' 1600 feeE i n  the  hizh blower c r i t i c a l  a l t i t u d e  and 
8 mi l e s  per hour i n  top.sgeed over t h e  production con- 
filSu,rat;fon, was obtained wfth the combination of  sealed 
sp inne r s ,  YiiCA elbows, .&id any o f  the t h e e  i n l e t s  t e s t e d .  
The optfmqm conf ipura t ion  f o r  use :-iSthcut sgivxiers was 
t h a t  w i t h  the WACA i n l eks  and elbows. This  conf'iGuration 
showed an improvement i n  ram equiva len t  t o  1200 f e e t  i n  
c r i t i c a l  a l t i t u d e  and 6 mfles per  hour  i n  maximumpspeed, 
over the  product i on  c onf igu ra t  ion. 

The s e a l i n g  of the spinner r ea r  bulkheads caused a 
f u r t h e r  increase  i n  maximum s p e d  of 4. m f l e s  per  hour  
throu,"l? aerodynamic ref'inement. The s u b s t i t u t i o n  of 



modi f i ed  n a c e l l e  a f t e rbod ies ,  designed t o  reduce t h e  
pressinre drag of  the  n a c e l l e ,  produced no speed changes 
i n  t h o  spinner-on conf igura t ion  but  agpearad t o  cause an 
incmase  of 2 m i l e s  per hour i n  the spinner-off  configur  t ion. 

Analysis o f  the nace l l e  drag  w i t h  t h e  a id  of the  
revolving wake survey rake  ind ica t ed  t h a t  w i t h  nominally 
c losed  cowl f l a p s  and sp inners  off t he  t o t a l  drag of t h e  
two nace1.les i s  over 30 percent  of t he  t o t a l  a i rp l ane  drag. 
The e x t e r n a l  nace l l e  drag alone i s  over 20 percent  of 
t he  t o t a l  a i rp l ane  drag  and i s  composed about 25 percent  
of cowling drag  and 75 percent  of a f te rbody drag. Under 
the condi t ions of the tC:sts the a f te rbody drag was found 
t o  vary only w i t L :  the  cool ing drfiG, and the  cowling drag  
t o  vary only with the  cowling i n l e t - v e l o c i t y  r a t i o ,  
independently of  the  use  o f  spinners except a s ' t h e y  affected 
the  cooling drag or i n l e t - v e l o c i t y  r a t i o .  
off  only about 50  percent of a C,iven inc rease  i n  cool ing 
drag api2earcd as an increase  i n  t o t a l  nace l l e  drag because 
of the accofipanying reduct ion  of the a f te rbody and cowling 
drags.  

t o t a l  a i rp lane  drag,  the e x t e r n a l  n a c e l l e  drag c o e f f i c i e n t  
of about 0.07 based on f r o n t a l  a r e a  i s  reasonably low. 
It i s  ind ica t ed  t h a t  a t t e n t i o n  should be d i r e c t e d  not  
on lg  toward improving n a c e l l e  form, bu t  a l s o  toward engine 

' or s i r p l a n e  designs ahfch reduce o r  e l imina te  n a c e l l e s .  

iljith spinner 

Al.though the Racelle &rag i s  a l a rge  po r t ion  of the 

INT3ODUCTI 0;' 

Suggestions f o r  probable i nc reases  i n  t h e  c r l t l c a l  
a l t i t u d e  and speed of t h e  A-26~ a i r p l a n e  through minor 
design changes t o  t h e  charge-a i r  induct ion  system were 
made on t h e  b a s i s  of prel iminary flight t e s t s  of an 
A-2613 a i rp l ane  a t  the Langley Laborqtory. 
Materiel  Command, Army A i r  Forces, then requested t h e  
NACA t o  evaluate the e f f e c t  on performance of t hese  
recommendations and o t h e r  modi f ica t icns  t o  t h e  cowling 
and al l ied nace l l e  components. 

Two ob jec t ives  were sought; bettermcnt of carbure tor  
ram and aerodynamic refinement of t he  n a c e l l e .  The lower 
l i p  of t h e  ca rbure to r -a i r  i n l e t  and t h e  elbow a t  the 
carburetor  e n t r y  were a l t e r e d  i n  an endeavor t o  improve 

The A i r  
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the ram. 
spinner rear bulkheads and edding elongated nace l le  a f t er -  
bodies. A spec ia l  revolving momentum survey rake behind 
the l e f t  engine nacel le  w88 used t o  f a c i l i t a t e  the measure- 
ment of the drar chanpes csused by the modifications.  

and supplied another carburetor-air I n l e t  for evslua’tion . 

Drag clean-up waa attempted by sealing the 

Cbncurrently, ‘the Souglas Aircraft Company designed 

Preliminary t e s t  results as necessary f o r  prompt 
revls ion o f  the carburetor-air system were’ made kvailable  
t o  the  Air Meteriel Command d u r i n g  the course of the 
invest igation.  Inoluded herein are the complete results 
of f l i p > t  measurements of the e f f e c t s  on apeed and cf - l t ica l  
a l t i t u d e  of  the modificat.1ons t e s t e d ,  along w i t h  a 
discussion and c o m e l a t i o r  of nacelle drag  measurements 
by mean8 o f  momentum surveys. 

AS R PI;A>rE: 

Pe r t inen t  c lc ta i ls  of thb production a i rp l ane  as 

1. Douglas a t t ack  ?-!oinbc;r, modcl h=26R, A&? 

2. Gross w i g h t  a t  take-off including 325 i;allons 

3.  dngines; tvio m a t t  

instrinc3n.tvd f o r  f ’ l igh t  t t J s t  are  as fo l lows :  

T30 43-22220, 
c 

of ~ ~ s 0 1 f n . e ~  30,200 pounds. 

r a t i p g  160s brake horsspower i n  high blower a t  2700 rpm 
and 47 inches of‘ rtr r c u r y  rnbnifold prcjssure; with topque 

8iair~3ed from adjacent  cylinders, 

4. 3ropelZcrs;  two, t:3.rce-’nlado KEimilton Standard, 
12 f G : G t ,  7 h c b s  d iaxc tor ;  blade drawing Wo, 6359A-18; 
g e m  r a t i o  0.511. 

9 

dhi tncy  R-2800-27, m i l i t a r y  

. nosts f o r  p o a w  measursmrrt and Sat cxhaust stacks 

. 
5 .  Superchargers; tzo speed, s ing le  stage, gear  

6. :‘!in6 ,span, 70 f e e t ;  wing area, 540 square f e e t .  

d r iven;  Gear ra t ios ; ’  low, 7.6:l; high 9.9:1, 

’ 3  



General views of the product ion A-26~ a i rp l ane  8s 
flown me shown i n  fi&ure 1. Additional e x t e r n a l a d e t a i l s  

. t h a t  wez'e added for f l igh t  t e s t  i n  all c o n f f g i r a t i o n s .  
were as follows: 

1. 1iirspee.d boon on r iGht  wing t i p ,  fiGu.re l(b). ' 

2,  T o t a l  pressure sources  on forwar&ost.*machine 

3. RievolvJng momentum survey rake i n s t a l ? e d  behind 

4. Low-lag f r e e  air teinperature w i i t  mcruntLd On t h e  

5. Doped fabric sr,als ovw al.ununitior! e jccbion  s l o t s ,  

, .  

,-un ~ o u n t s d  on f ~ i s e l a g e ,  f i g u r e  I( c ) .  

the l e f t  e-ngi-ne n a c e l l e ,  f i g u r e  l ( c ) .  

under surfaue of the F i g h t  wi:rlg panel,. f igurk  1 , (a )  . 
cracks ,  and ' n 0 ~ 0 S .  ??o smoo.t;hiilg or f a i r i n g  ol '  kou@i or 
i r r e p l : ? r  p a r t s  was a t t exp ted .  

The air:>leule s ip faces  were f r e e  of Grease and dust 
just iJrior t o  a l l  t t s t  f l i g h t s .  

Sp=.cial  i n s t ruxen t s  i n s t a l l e d  f o r  the  sub jec t  t e s t s  
included synchrmized TTACA pressure i-ecordars t o  measure 
airspeed,  a l t i t u d e ,  manifold l x e s s u r e s ,  torquemeter 
pressures ,  carburetor metering p res su res ,  and cowling, 
engins coilipar t m n t ,  and c w b u r e t o r  scoop pressures ;  
recording reval7stion counters  for engine rpm; fiiultiple 
r e  cor ding manometers, and a 12 -uni t  b I i  l l e r  galvanometer 
f o r  t h e  s t a t i c  and t o t a l  p r e s s u r e s , a n d  t enpe ra tu res  i n  the  
wsl:e of t h e  Left engine n a c e l l e ,  

Free 2ir tcmperatures were neasumd with E! rucording 
galvanoiiie t e r  connected t o  811 MACA l o w - l ~ ! ~ :  r e s i s t a n c e  
Ehermometer Su.l~b on t h e  under sur face  of-the r i g h t  wing, 
F' l ight cal . ibrat ion of t he  bulb shoved that i t ' h a d  an 
ad iaba t i c  rise coeff ' ic ient  of 90 percent .  T h i s  vhlue 
was used i n  reducing the da t a  t o  aizlbieiit cond i t ions ;  

Uncorrected a i r speed  impact p r e s s w e s  qc f  w6re 
obtained b;T means of' 'an ?,yACA f ixkd  s t a t i c  he&d mounted 
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Tota l  pressures  were aeasv rec l  i n  the l e f t  engine 
c h a r ~ e - a i r  d i l c t  a t  s e v e r > j l  s t a t i m s  in  omier t o  sepa ra t e  
the v%*ious sources  o f  p re s su re  drrop i n  the  system. 
S t a t i c  ?ressuiaes over  the ugper az?d l o : s r  i n l e t  lips were 
obtained by linci3 of flusl.; wif’ iccts  as 8 f u r t h e r  chec!c 
on the aILxrr.ent of‘ th;; I . n l o t  wvitii t h o  l o c a l  a i r  flow, 
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o r  i f 1 c e s and i r on - c on s t an t an t lie i* mo c o zp l e  s a r  r ang e d f o r  
contLnuous record ing ,  Tne install-at ion i s  2 i c tu red  i n  
fig1u-e 5 ,  and it -?lag be noted tiiat the  rake extends beyond 
the  ::axill?mi thickness  of t he  n a c e l l e  

The ship's seyvice i n d i c a t o r s  were c a l i b r a t e d  f o r  
ills-i;i*wllent error and used t o  measwe cylinder- head 
tengera tures ,  wing f l a p ,  landing Gear, and o i l  s h u t t e r  
posf.i;ions. 
a r b i t r a r y  s c a l e s  were placed on t h e  n a c e l l e s  s o  t h a t  
they  could bo read  and the  gap s e t  from the  cockpi t .  

Cowl-flag gap i n d i c a t o r s  with equal  and 

Outlines o f  the 6riCina1, VACA aodi f  ied, and Douglas 
modif icd c:?ai'ge-air duc t s  a r e  shown i n  f igura  2 .  It 
w i l l  be n o t e d  t h a t  t h c  lower l i p  of' the ca rbure to r -a i r  
i n l e t  liad been cu t  back about 3 inches for the ?ACA and 
1 inch f o r  t h e  Douglas L7:odificatfon. In  additioi?, the  
?JACA inlet lower l i p  was given b l a r6er  nose radius, and 
t.he Douglas I n l e t  upper l i p  was drooped 3/4 inch. The  
inner arid o u t e r  r ed i f  of  t h e  WHCA modified elbow were 
increased frcm 1 inch tach f o r  t he  j?rod?lctio11 model t o  

3 inches and 73 inches,  r e s p e c t i v e l y .  ?ho topaphs  of 4 
the  elbovrs a r e  given i n  f i g u r e  3, and o f  the i n l e t s  i n  
f fpxre 6 *  

Thc spinners  siere s6,elcd by  a t t ach ing  chamois across  
tho r e a r  bulkheads. These s o a l s  a r e  i l l u s t r a t e d  i n  
f i g m e  7. A l l  t e s t s  neported v i t h  the  spinners  were made 
with the seals i n s t a l l e d  and x f t h  klie o r i g i n a l  non- 
rotct i i iG s-sinner a f t e r b c d i e s ,  

01 sos:e of the  l a t e r  fli$its, the o r i z i n a l  n a c e l l e  
a f tc rbodfcs  were mtended  20 I;v:&s a f t  and Given c h i s e l  
t a l l s  cxtcn13in.r. lg inc'?es above and 13 inches uelod the  
h o r i z o z t a l  ce:i.ier l i n e  t o  reduce tlie r a t e  of  t a i l - c o n e  

mod i f i ed  n a c e l l e  a f t e rbod ies  and a rc  :;icturad i n  f tgure  5. 
For ease o f  construct  ion,  t he  m d f f i c a t f o n s  i-mrt: made i n  

1 3 a d k n g  2rom the aftcrbod'jr t rc i l l fng  sdge t o  t h o  t a i l -  
cone attacht.ng bulkhead. The break iil the n a c e l l e  l i n e s  

ccnvergcnce . These new a f t e r b c d i o s  a2e designated the I 

h a lves  and eech p a r t   as r ene ra t ed  from s t r a i g h t  l i n e s  * .  

6 
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over tke t o p  a t  the a t t ach ing  po in t  was f a i r e d  out w i t h  
b a l s a  wood covered with doped fabric. 

The carbure tor  elbow i n s t a l l a t i o n  i n  the A-26B i s  
unusual i n  t h a t  the elbow i s  an i n t e g r a l  part-*of' the a i r -  
frame and mxst be connected t o  the  i n l e t  and c a r b - u s t o r  
by f l e x i b l e  j o r n t s .  The f l e x i b l e  rubber connection 
between t h e  elbow and the forward s e c t i o n  bulged i n t o  the  
duct and conseqnently reduced t h e  $low a rea .  Cant i lever  
meta l  F l a t e s  were i n s t a l l e d  fo r  f o u r  f l i g h t s  l n  an 
e f f o r t  t o  def:Lect the buLge down and out o f  thc duct .  

Tes t s  In  a l l  configur? -ions c o n s i s t e d  of  l e v c l - f l l @ t  
runs  a t  and above the h-igh-blower c r l t i c a l  a l t l t u d c .  
Those rims were nade w i t h  the  cowl f l a p s  s o t  nol l inal ly  
c losed  ( f u l l  c losed as r e c e l v e d ) ,  o i l  c o o l e ~  s h u t t e r s  
one-fourth open, and t l l v  wing f l a p s  m d  landing Sear f u l l  
up. Supplementary t e s t s  included, s imi l a r  runs m d e  w i t h  
g r e a t e r  and sclaller cowl f l a p  g a p s . t o  sLudy the e f f e c t  of 
engine cool ing  drag on the nace l le  drag.  The engine 
speed was intznded t o  be 2700'rpm but  was l?.:iit,ed t o  
about 2660 rpm by E l o w  governor s e t t i n g .  

minutes of a run had elapsed t o  be Sure s t a b i l i z e d  
oondi t ions  had been reached. 
p i l o t  malntafned serssibly constant  a l t i t u d e  by reTerence 
t o  a U r g e  s e n s i t i v e  a l t imeter .  

Three-minute records were taken o n l y  ar tc r  s e v e r a l  

During thbse t e s t s ,  the 

One t e s t  point per cor f iCura t ion  i s  s u f f i c i e n t  t o  
determine tht: raam and, if  accw-atL, the drag clqLan;;is f o r  
each modification. Hovrsver, the  p m c i s i o n  of the 
i n d i v i d u a l  specd and power measurements leads t o  Q o s s i b l e  
e r r o r s  equiva len t  t o  22 milss per hour i n  eval-uution of 
the drag quant i ty .  
a l t i t u d e s ,  and tho r e s u l t s  vere f a i r e d  t o  i n c r e m e  the 
P!*ecSsion i n  order t o  quote comparative c h a n p s  t o  1 mile 
per kour  . 

All t c 3 t s  were run  a t  Q p r i e s  of  

The f l igh t  program i s  out l ined  in t a b l e  11. It nay 
be noted  t h a t  the t e s t s  i n  the t a 3 l e  are  not chronological.ly 
presented  but a re  grouped f L > p  coyparison purposes. The 
order  o f  the  t e s t s  var ied  fi'on: this p m s c n t a t i o n  t o  
expedi te  the  hljork, e 

7 
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Ye s sur e d quant i  t i e  s 

V t r u e  speed, inph 

RESULTS R I D  3ISCTJ5SIC?? 

U,?Zrnowii quant i  t i e  s 

q propulsLve e f f  i c i t n c y  
__----- - 

Various n o d i f i c a t i o n s  t o  t he  A-26R a i rp l ane  caused 
higher l.eve1-flight speeds. 
a t o o l  used t o  separa te  the causes f o r ,  the  speed hcrEiases: 

The fol lowing expression fs 

bhp engine brake iLorsE:power 

0 fr e e - a i r  dens it y r si t i o  

a i rp l ana  drag 
CD c o e f f i c i e n t  

-- -- - - I S wlng a rea ,  sq f t  

The p a r  a m  t e r  ( i n d i c a t e s  tht4 con t r ibu t ion  

of the csnginc, superchargin&, and ram t o  t’ne spzed, slnd 

the  p a r a m  t e r  (.-&Jl3 r ep resbn t s  the aerod;namic 

refinement of the a’rplanc -propeller coi.:bfnutfon. For 
purposos of t h s  grcsent  co:nparisons the exhaust J e t  t’nrust 
i s  considered as a con t r lou t ion  t o  the propuls ive  
e f f ic fency .  

da ta  a r c  prcsented in tabl ;  I. T h s  speed v a l m s  c8ven 
include cor rbc t  ions f o r  a G- asured gradual  increase  i n  
drag o f  t he  a i rp lane  v i t h  time and have beeri fhrth6r 
adjusted so t h a t  a l l  t e s t s  with nominally c losed  cowl 
f l a p s  (0.5 gap i-.1 t a b l e  T )  have the sam eng.3-ne cool ing 
prcssure clr*oii ( t h e  cOrrGctlons a m  discussed i.n l a t e r  
s e c t i o n s ) .  Study of “,-lese d a t a  indfcatLs t h a t  12 miles  
par hour mag be added t o  the l e v e l - f l i g h t  speLd and 
1600 f e e t  t o  the c r i t i c a l  a l t i t u d e  o f  the A-26B a i rp l ane  
through use of t he  ’ J M A  e n t r i e s  and ~ ~ ~ O P J S  and sLaled 
spinnors.  
shows t h a t ,  o f  the  12 miles  pe r  hour inc rease ,  8 are  
a t t r i b u t e d  t o  an increase  i n  the power parameter and 4 a r e  caused by aerodynzmic rsf inement .  

Speed and power mcssurements along wi th  a s scc i a tod  

‘Analysis of t h e  parEirnctcrs, as i n  f i  _ure 8, 

8 
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. .  . .  
" .  power param4ter . ' - 
> :  

Fac to r s  * a f f e c t i n g  the  poiher psrameter a6- and, ab;oae 
fuI.1. t2- i rot t le  a l t i t u d e  for the  o r i g i n a l  conf igura t ion  
a re  co~-p$zed  in f5gure -9  with t hase  3btGlned using the m m t  

essful s e t  of clodifications.  It should be noted t h a t  
r vai.3ies agprti;:-:'mately as  the  manifold pressure. 

and, consequently, carburetor  pressure f o r  small  changes 
a t  cons tan t  a l t i t u d e .  Therefore, for f u l l  tk i ro t t le  
operat  ion a t  a g i v e n  a l t i t u d e  pressure  and t expe ra tu re  

pc absolute  t o t a l  p r e s s u r e  a t  t he  carbure tor  c o l l e c t o r  

Sub 9 c 1' id ; t s 

1 orl;;inal conTigirration 
2 modified c?i?lnLi.;Ui3Ut;Loi1 

E'J t h i s  ana lys i s ,  the  7.5 p6rcent  increclse i n  the 
c a r b w e t o r  ?ress'clre, i n  f igu re  9 ,  expla ins  t h e  t o t a l  
2 . 5 :jc.rceni fncre:me in the p o w r  parameter. 

C a r b w e  t or  Ram 

The pressure; above stream s t a t i c ,  measured a t  the 
carbure tor  t o t a l -p re s su re  c o l l e c t o r  t a g  i s  def ined  f o r  
t h i s  r e p o r t  as ths c a r b i r e t o r  rani, a s  i t  is a convenient, 
cormonly used s i c g l e - p o i n t  solirco of  measurement This 
pressure  1 s  not n e c e s s a r i l y  t h e  t r u e  t o t a l  pressure 
a t  t3.e carbure tor  entrence,  bu t  i s  a s a t l s f a c t o r y  index 
of c!m.nges in  r a m  due t o  chanzcs i;? the  ca rbure to r -a i r  
duct  o r  f n l e t .  Throughout, ram i s  presented i i i  terms 
of the  a i r p l - a e  imDact pressure qco 

If prsssure l o s s e s  are  incur red  i n  the  Induct ion 
syskex ahead of tlie carburet& (thdt is ,  1.owcrea  am), the  
maxi;iiuxm a l t i t u d e  a t  xhlch the r a t e d  power o f  the  engines 
can be obtained i s  lowored ,  ar,d performance a t  a l l  
a l t i t u d e s  above the c r l t i o a l  a l t i t u d e  i s  reduced 
accor*di-ngly. The 'production ' A - 2 6 ~  a i r p l s n e  had redaced 
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performance as a result of such l o s ses .  
designed to improve the ca rbure to r  ram of t h in  airplane 
a r e  discuss4 i n  the  f o l l o w i n g  pasagrnphs, 

T o t a l  and s t a t i c - p r e s s u r e  d a t a  a t  t he  var ious 
pos i t i ons  in and about the charge-air  system on the l e f t  
nace l l e  ays t abu la t ed  i n  t a b l e  111. These d a t a  were 
obtained in  l e v e l  f l i g h t  a t  and above the f u l l - t h r o t t l e  
a l t i t u d e s .  
ment i n  the duct were a r i t k n e t i c a l l y  averaged f o r  a l l  
rws  i n  each conf igura t ion .  From these  averaged d a t a ,  
the  pressure d i s t r i b u t i o n s  f o r  p e r t i n e n t  conf igura t ions  
a t  the ca rbure to r -a i r  i n l e t  and before  and a f t e r  t he  
elbow were  obtained and a re  presented a long  x i t h  the  
val-ues of carbure tor  ram i n  f i g u r e  10, 

The modif icat ionfj  

The t o t a l  p re s su res  a t  each poin t  of measure- 

The ram results i nd ica t ed  by f igu re  10 ( p a r t s  a - f )  
a r e :  

C onf i g w  8 ti on 

O r i  Gina1 

NACU i n l e t  
and elbow 

EACA i n l e t  
and elbow, 
s p i  m e r  

Douglas i n l e t  
??AC e lb ow 

Douglas i n l e t  
NACA elbow, 
spinner 

Par t  c with 
d e f l e c t o r  
p l a t e  

---- 

' i p r e  1( 
p a r t  n o ,  

I 

a 

b 

C 

d 

e 

f 
--I 

I_---- 

Ram i n  
terms . o f  

0~41 

.68 

76 

050 

74 

72 
-- 

l o  

-_._ -- .- 

jhange from 
i r i g i n a l  con- 
Figuration due 
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1lR No . 1 ~ 6 ~ 2 1  
C r  it? i n a l  c on f i  gur a t  1 on. - The or  i Gina1 c arbur ot or  -air 

i n l e t  was dcatgned f o r  use with a p rope l l e r  s , l inncr.  idher, 
the spinner  v a s  not i n s t a l l e d , a s  was the cese with the 
productlor? a i rp l ane ,  adverse c f f b c t s  on t h e  recovery a t  
thc  enti-y were noted. Tk!? local a i r f l o w  became more 
r a d i a l  i n  d i r e c t i o n ,  causinz sepa ra t ion  o f f  the lower 
i n l e t  l i p .  This separa t ion  vas s o  pr*onounccd, as  indicatec:  
by t h e  pressure d i s t r i b u t i o n  ( f i g .  10( a )  ) , t h a t  the 
to t a l -p re s s -we  measurements in t h o  lotvcr h a l f  of  the  
e n t r y  wcre n o t  q u a n t i t a t i v 5 l y  useful because o f  ;)ossiblo 
l a r g e  sca le  turbulence 2nd w v e r s e  flow. 

Besides the loss a t  the  on t ry ,  p a r t  ( a )  of  f l p r o  LO 
i n d i c a t e s  an average loss of Q , l l q c  i n  going past  t h o  
sharp  r a d i i  o f  t he  o r i g i n a l  E;lbow. It i s  bo l i sved ,  from 
i n spec t ion  of  the d i s t r i b a t i o n s  before  and a f t e r  the 
elbow, t h a t  the O.llqc l o s s  is caused pr i izar i lg  by 
sepa ra t ion  f’rom the inner r ad ius  of  the. t u r n .  

NACA i n l e t . -  The lower l i p  o f  t he  o r i g i n a l  carburetor-  
a i r  i n l e t  was cut-back 3 inches and given a l a r g e r  r a d i u s  
( f i g .  2 )  i n  an attempt t o  a l i a e  the  i n l e t  with the l o c a l ’  
a i r  ?low w i t h  t he  s?inner o f f ,  T h i s  new desicii, dLsignated 
the  PMCA i n l e t ,  r e s u l t e d  i n  an avez’a7-c improvenznt of 
0.1&, before the elbow over  the recovery n i t h  the orlc;ino;l 
( f i g .  l 0 ( ~ ) ) ;  although the  s l i g h t  dro?  in  t o t a l  g rc s su re  
near the bo t tom o f  t he  i n l o t  ( f i z .  lO(b))shovrs tha t  t h e  
lower l i p  i s  not  p s r f c c t l y  a l ined .  
flow appeal’s t o  have sephrated a t  the forwan3 f l e x i b l e  
connection of the t l b o w  causing an avorage O,O!jqc loss 
between tho i n l e t  and elbow, 

This lower energy 

Douglas inlet . .  The lower l i p  of the Douglas i n l e t  
was 1 inch  f u r t h e p  back and the upper l i p  whs drooped 
3,A+ inch a s  compared with t h e  o r i @ a l  i n l e t  ( f i g .  2 ) .  
Again, as with the o r i g i n a l ,  the total-press1i-e ncasureaents 
i n d i c a t e  sepa ra t ion  a t  the i n l e t .  It’ should De iIotiL3d 
t h a t  the  pressure d i s t r i b u t i o n  and l o v e 1  Scfore  the elbow 
f o r  t h i s  conf igura t ion  w w e  e s s e n t i a l l y  the Suiile as  
those obtained with the oriC;inal. e n t r y  (fig. 10(h)) . 
IIence, i t  fs concluded t h a t  the Douglas f n l o t  o f f e r e d  no 
change i n  ram recovery over that  obtuiiled witti the , o r i & m l .  

NACA c1bow.- The l a r g e r  r a d i i  of t h e  modified elbow. 
b e e  fig. 2 )  
around the oiaiSinal  elbow t o  O.O3q, or 0.2 duct q. 

reduced t h o  l o s s  o f  O.llq, or  O.‘? duct g 

11 
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This  reduct ion.was caused.mainly by r e t a r d i n &  sepztration 
from:the inner r a d i u s  o f '  the t u r n  (fi&.'loli)). J. 
l o s s  of' 0,2 duct q IS about the b e s t  obtainable  Croixnd 
a 1000 turn with the space l i a i t a t f o n  present, rzfsremce :I. . 
a:?.& ?h - 
equal ly  ~ ~ o d  recovery wh.F;n. sp inners  were used ( fi?;::. L O (  j ) ) . 
Data f o r  t he  crLgina1 i n l o t  1;iith a;jinners were obta ined  
f rom a f l i @ h t  i n  an intermediate  c m f i p r a t i o n  wh- i  ch i s  
not  repor ted  i n  the t a b l e s .  
ev5den.ce t h a t  the spinners  s z t i s f a c t o r i l y  a l i n e d  t h e  
local a i r  ~Toi;:: s:ith the i n l e t s .  

Suinn.ers .- All i n l e t s  t e s t e d  - t h e  o r i g i n a l ,  Doui.:lE;s 9 

had uniform to t a l lp re s su re  d i s t r i b u t i o n s  a i d  

The uniform d?Lst r lbu , t ion  i s  

Another improvement i s  t h e  removal  of; the 0.(v'5ss 
l o s s  between the )Ji;CA i n l e t  and the  E l b o w  whet spinners 
aye i n s t a l l e d .  (See  fie;. l O ( k ) . )  The higher erier@y f l o w  
avai1a:sle a t  the b o t t o m  of the i n l e t  *,i\rfth s;r,.i.n:zcrs 
appears to jiavt; rc.mQved t h e  tendelicy for f l o ~  sepL;ratiori 
a t  the f l e x i b l e  j o i n t .  

Deflector  p l a t e s  .- ';'be c\,05qc l o s s  between the  
NACR inl .et  arid r31ho\iv, spinner  o f f ,  i s  'uel.i+2vr:d t o  have 
been caused by separatioi;  of'f the  f l e s i b l e  jr,f.nt ahead o f  
t h e ,  $150~ iyhich. mip,ht no t  have occ-cirred i n  zi cmooth d1.Act 
Accordingly, bent 8k;eets of  d s r a l  wery ins ta l l . ed  under t he  
bottom cla;-q2s a t  the  elbox end of the j o i c t  Ir! an. attezipt 
t o  d e f l s c t  the rubber cormection down Rnd o:nt of the 
c a r b w s t o r  duct .  

i 
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* *  
S.iqnificance o f  resu1t.s.- I f  r a m  i s  the c r i t e r i o n ,  

the opti-fiimi conf igura t ton  i s  ?hat  wPth sca led  s2inners ,  
NACA eIbo;i;s-, and any:of the i n l s t s .  These conf igura t ions  
showed a carbure thr  ram of  about 0,75qc, an increase  of 
0.3/;-yc (equipa len t  i o  1600 ft i n  c r i t i c a l  a l t i t u d e  and 
E miles  pep 'hour  ' toD-speed)  over tho t  obtained w i t h  the 
o r  i,?;iT:al cor.figur*ation . 

An a l t e r n a t e  choice ava i l ab le  if apinners  a re  
undesirable  fron 8 riiaintenanse s tandpoin t  i s  the con- 
f i p r a t l o n  :.iith 7:ACk i n l e t s  and elSows. With t h i s  con- 
f i g u r a t i o n  a carbuxiet;orl ram of O,63qc was obtained, 
on ly  0.08qc or 400 f e e t  i n  c r i t i c a l  a l t i t u d e  and 2 miles 
per hour  below the  optirnxn. 

i l l u s t r a t e s  t h a t  t h e  nctli.al prsssqra recovery h t  the 
carbure tor  m t r a w e  : v i t t k  ?T+Xi elbows and st ia led s,2inners 
was 0.35qcY indica t i r ig  a duct l o s s  of about 0.05qc. The 
only a d d i t i o n a l  i ;mrovment  EvzilaSle in thi. s case would 
be t o  i.;iiwove the  prc?pe13.e? skmks ae L-odjmavnically t o  
increase  tlw o r p r p y  Itvc1. a t  the i n l z t .  This a c t u a l  
recovery  a l s o  iuidicntes t h a t  t he  pressure in the 
c h r h c m t o r  c o l l e c t o r  WRS i n  this cxse  about 0.20qc below 
the t r u e  t o t a l  p r c , m C  11 j_l ur e . 

The averace pressi.:re a f t e r  t h c :  elbow (fi?;. lO(c)) 

A s r  odynaniic Re f iilement 

Tb e ae r o d y n  an ic - r e f !,ne m e  n t p Zr Ernc t E: r s f o r  t h r  e e 
f l l e h t s , ,  one each,, a t  t he  begirming, midcl-le,,. and erid of 
t he  pyogram a re  presented i n  f i g w e  l l ( a ) .  Th6 f l i g h t  
confi ; ;wat ions were the  same except  f o r  the desigSn 'of 
the lolxer carburo tor -a i r  i n l o t  l i p  t h a t  should cause 
ne S l i g l b l o  chwi~*es ... i n  d r  "6:. Inasinuch as a gr'adual 
decraase i n  the  aerodynamic rofineiilent is n.ot6d Eith 
t i r l z o ,  5 . t  1 s  concluded t h a t  tho nfrpl.ane aged. This aging, 
brc1xgh.t about p r i n c i p a l l y  by fli$:Lt t i n e  md landings,  
was the r o s u l t  o f  wnmrous wrinkles t h a t  devdloped i n  the 
fuos?-age skin along wi th  tht; aprea.d.ing o r  j o i n t s  and 
ge:x:ral d s t e r i o r a t i o n  ('d1a.i; is, rou$9p.irig) of tlle ext3:rnal 
Si.wf'aces. A11 vp'lues quoted f o r  s p e d  and aerod7Gamic 
r c , f " - ? n m i ; n t ,  oxcept those of' f l p r e  11, a re  cor rec ted  by 

f i g i v e  l l ( b ) ,  t o  have comparable a-ir-olane f i n i s h e s  t o  
t h a t  o f  the midd1.c f l i g h t .  

th?i: 2.. d e v i a t  l o p s  i n  ab.;;?odynamic ro f inexen t  shown i n  
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Sealed spinners . -  It was found i n  prel iminary t e s t a  
the  sp inners ,  a s  o r i g i n a l l y  used, caused no change 

bulkheads were sealed  aa shown 3n f i g u r e  7, 8 mile- 
he aerodynamic refinement , However, when the s inner 

per-hour increase  caused by 8 erodynamlc ref inernent wa8 
measured ove r  t h a t  obtained wi th  t h e  sp inners  off, 
figure 12(a). 

iiiodffisd nace l l e  a f t e rbod ies ,  - Although the modified 
nace l le  a f t e rbod ies  produce no aerodynadc  refinement 
when s e a l e d  spinners  a re  i n s t a l l e d ,  f i g u r e  12(b), t he  
a f te rbodies  appear t o  cause an increase  of 2 miles per 
hour with the production conf igura t ion  ( f i g .  12(C) ) e  

E f f e c t  of engine cool ing d rag , -  Tes t s  were nade w i t h  
t h r e e  cliffeerent cowl-flap posi ' t fons,  sp inners  o f f ,  t o  
determine the var ia t - lon of aerodynanic refinement with 
cool ing-air  pressure  d r o p  111 .. p2. Figure 13 shows t he  
r e s u l t s  of t hese  t e s t s ,  Increr;ie?nb o f  aerodynamic 

re f  fnemcnt measured from the  base value 

obta;ned a t  8 c o o l i n p a i r  pressure d rop  of 0 . 3 9 ~ ~  have 
€11 - p2 been p1.otted aea ins t  

gC 

The changes i n  cool ing  drag c a l c u l a t e d  from the  
cooling pressure measurements have been converted t o  
i n c r t x t n t s  of aerodynamic refinement and are included i n  
f i g u r e  13. It i s  seen t h a t  the  p r e d i c t e d  changes in 
aerodynamic refinement a re  alvieys g r e a t e r  than those 
measured. This d i f f e rence  i s  appa ren t ly  caused b y  com- 
pensat ins  v a r i a t i o n s  i n  the  e x t e r n a l  n a c e l l e  drag,  as w i l l  
be shown in a later s e c t i o n .  

As previous ly  noted, t he  spded sild aerodynamic 
rofineiaent values  obtained with nominally c losed  cowl 
f l a P s  have been co r rec t ed  t o  a cool ing pressure  d r o p  of 
O.gY)Yc. T h i s  co r rec t ion ,  from f i p r c  13, d i d  not a f f e c t  
the f a f r a d  r e s u l t s  by more than 0.5 n i l e  per hour.  

Nacelle Drag 

Ln the  preceding s e c t i o n ,  t h e  c'iienges i n  drag and 
propulsive e f f i c i e n c y  r e s u l t i n g  f ron the modi f ica t ions  t o  

4 
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the  n a c e l l e  were shown by t h e i r  e f f e c t  on 

the a e r o d y m i i c  refinement of t h e  a i rp l ane  as a whole. 
In  order  t o  show nore c l e a r l y  whether the changes I n  (&y3 were d i r e c t l y  t h e  r e s u l t  of the nace l l e  

modi f ica t ions ,  t he  revolv ing  wake survey rake  descr ibed  
under Ins t runen ta t ion  was i n s t a l l e d  behind the l e f t  . 

n a c e l l e  dlong viith the boundarydayer  r akes  (fig. 4) 
on the cowling. 

E f f e c t  of Y2odifications on ay3arent nace l l e  d%.- 
The apparent riacellct dyag 11;83 0bt.s :ne::. by i n t e g r a t i n g  the 
p o s i t l v e  drag r sg ion  wi.thin the 8 ~ ~ 2  covered by the 
revolvin,r  wake survey r a k a ,  b;r the  :nethod! of r e f e rence  2 . 
This apparent nace l le  diiag i s  imeful  i n  deterraining 
c h a f i p s  i n  d r q  r e s u l t i n g  f r o m  chznGes ir, conf'ip.lration 
prcvid.cd all t e s t s  are  run .at comparable speeds and powers. 

The values  of  apparent nace l l e  &a-  a rea  f f o r  
s e v e r a l  conf Lgurat ions a re  ,cosipared i n  f igvlre l!;. 
e f f c c t  .of the  addi t ion  of s e a l e d  spinners  w s  t o  decrease 
f 
2 rn-iles p e r  hour  pe r  nr,celle which agrees with the  
2 rniles p e r  hour  per nace l l e  found from the  speed measure- 
ments. Speed maswements  ind ica ted  t h a t  t h e  modified aFter- 
b o d i o s  causbd 1-10 speed chan;Pe spinner  on, but  d i d  cause 
an . increase o f  1 :nile per  hour  per n a c e l l e  s2inner o f f .  
TJo n_orrez:ponding improvement i n  nace l l e  drag  r e s u l t  5.n.p 
f r o m  the x o d i f i e d  af terbody with spinner o f f  ( f i g .  l4Yb)) 
could b e  detec ted  with the  survey rake . There were no 
rake measurements made yvith the oriGi?nal af tarbody instal led,  
spinner on. Increasing the cowling e x i t  m e a  with spinner  
off  ( f f g .  l l i - (c ) )  caused 
O.~-$ square f c e t  corresponding t o  8 reduct ion  i n  speed of 
5 mi.3.e~ per  h.our pe r  n a c e l l e , . ,  Decreasing the cowling 
e x i t  area caused a r e d u c t i o n . i n  n a c e l l e  drag a rea  of 
0.20 squara f e e t  corresponding t o  an I,ncrease i n  speed 
of 2 rrli1a.s per  h o u r .  The corresponding changes found 
from t he  speed measurements ivere~, r e spec t ive ly ,  6 and 
2 m i l e s  pes hour pe r  nace l l e ,  

?. The 

by 0.20 square f e e t  ( f i g *  1!t(a)) corresponding t o  

increase i n  n a c e l l e  drag area of 

AnalTsis o f  t hc  corn7)onants o f  the apparent n a c e l l e  drag.-Tkcbrse!rdovnaa,?paront nace l l e  drag i n t o  
i t s  componerits *is shown i n  t h e  JqOllOwing t a b l e :  
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During f'ltght 5 ,  no t  1-eported i n  the t a b l e s ,  (me 
run  was made with spinner 0.; i n  a g l i d e  a t  the levc1- 
f l i g h t  t e s t  speed with the l e f t  p rope l l e r  f ea the red  and 
with no , i lnallg closed cowl f ' laps . The survey-rake 
meoswements were thus f r e e  from the e f f e c t s  of the 
p r o p e l l e r  an2 exhaust tiirust;. T h e  v:<lue of total. r_acel.le 
d rag  a rea ,  1.9 square f e e t  as corraected for 5ncluded 
wing and o i l  cooler  drag, t h a t  was obtained on t h i s  run 
may be s l i g h t l y  high s ince i t  i s  poss ih l e  t h a t  t h e  ?r,lal:e 
of t h e  slowly r e v o l v i n g  p r o p e l l e r  sha:iks '${as riot f a i r e d  
completely out of the  Fecords. The power-off po in t ,  \ 

p l o t t e d  on f i g u r e  l ? ( a )  a t  a cool ing drag  a rea  o f  
0.72 square f o o t ,  shows c lose  apeerfient with the povrer- 
on, spinner-on t o t a l  nace l l e  drag.  This i n d i c a t e s  
e i t h e r  t h a t  t h e  assmnptions with regard t o  t2i:k:ilUSt j e t  
t h r u s t  and the e f f e c t  of the  propel.ler s l i p s t r e a n  a rc  
c o r r e c t ,  or t h a t  e r r o r s  i n  these a s s u I t ~ g t i o ~ s  are  
compensating. Examination of t he  spacing of' the drag 
contours  power o f f  and jJower on ind ica t ed  t h a t  the 
mixing ~ f '  Lhe s l i p s t r e a m  extended only a small d i s t ance  
i n t o  the n a c e l l e  wa2-e and therefore  had on1.T 8 s . ~ a l l  
effect on the  t o t a l  nace l lo  drag. . 

The var-Pation of t o t a l  n a c e l l e  drag  with c o o l i n g  
drsg i n  the  propel le r -of f  conf%gur&t ion  as ; x a s u r % d  
i n  t h e  wind-tunnel t e s t s  o f  reference 4. i s  included 
on f i g u r e  l 5 ( a )  f o r  comparison. The cool ing has  
been sub t r ac t ed  from khc t o t a l  n a c e l l e  drag  t o  ob ta in  
the  e x t e r n a l  nacc,llc drag ~ i l ~ f c f i ,  a l so ,  i s  ; ) lo t ted  i n  
figure 1 5 ( a ) .  

The apparcnt cowllng d r a g  as c a l c u l a t e d  frlom t h e  
averace momentuT de f i c i ency  al; the  cowling bounda1.y- 
l a y e r  r akes  has  been subtractc;;d f rom the external. nacel.1.e 
drag  t o  ob ta in  the after'body ckag. 
drag  a rea  and the appa rmt  cowling drag  a r e a  a re  p l o t t e d  
aga ins t  the coolirlg d r a g  a r e a  in f igu re  l 5 ( b ) .  ' l "e 
af te rbody drag is noticea'b1y .larger than the tipparent 
cowling b-ag.  ; : . i i tk l .  spinner off' and normal Col~iII-flap 
s e t t i n g ,  t h e  e x t e r n a l  nacel le .  drag i s  corflpost;d cibout 
75 percent  o f  af terbody drag and 25 percent  'o f  apparent 
cowl.ing drag. 

Both the  bf ' twbody 

. . r  

The drag of the  afterbody 3.s s c m  t o  dccrbase by 
about one-third the increase  i n  c o o l i n g  draE; arid t o  he 
independent of tlne sp inner  except i n so fa r  as the spinner  
af 'fccted the  cooling &ag. The c h a n p  i n  af terbody drag 
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arises p i i i c i p a l l y  froin a change i n  the s k i n - f r i c t i o n  
drag. A s  the  cool ing drag i.s increased ,  1 - o ~ ~  v e l o c i t y  
a i r  n i l 1  flow f r o m  the  cowling e x i t  *xith a co?se+pen t  
decreni,s i n  the s k i n - f r i c t t o n  drag  o f  the a f te rbody.  
The af terbody drag would be decreased by t'ne amount of 
the reduct ion i n  sk in  f r i c t i o n  provided t h e  p r e s - '  axre  
drag of t he  af terbody d id  not chanc;e avyn?eciably. 
s t a t i c -p res su re  recovery a t  the  r e a r  of  the LfterbrJdy 
was sens ib ly  constant  for a l l  conP ip rd t ionL  , there 
was a2parent lp  no z i g n i f i c a n t  char1L-e i n  the  pressure  

As t h e  

drag 

The shape of the e x t e r n a l  nace l l e  draG v s r l a t i o n  
( f i g .  1 5 ( a ) )  as deternined from the  spinner-on, inower- 
o f f  wind-turunel t e s t s  i n d i c a t e s  t h a t ,  8 s  t he  ccoi ing  
drag 'vas increased,  t he  r educ t ion  i n  afterbod-; s L h -  
f r i c t i o n  drag was accompanied by an i l lcrease fn i j-jreSSWe 

&ag, 
f e e t  the increase i n  pressure dray became predo.:linant 
causing a3 over -a l l  increase  i n  af terbody d r q .  ..io 
s l x h  increase i n  prsssure  drag occurred i n  f i i F h t  w i th in  
the ranee of the  t e s t s ,  In  t h e  f l i G ? t  t e s t s ,  segar6 t ion  
of' the  f l o w  over  the af torbody was a,iparentl;;r d e i L p r _ l  by  
the  act ion of' the  high v e l o c i t y  exhaust &ascL and the  
p r o p e l l e r  s l rpstream. The e x t e r n a l  n a c e l l e  cirag would 
begin t o  increase  a t  s o m  z o o l i n g  drag  a r e a  klfphcr than  
t h a t  t es ted .  

A t  cool ing drag  a reas  gre"'l;er thsn aboi;it 1 . 6  square 

-&- 

It i s  not '3xpectsd t h a t  the cowl:',ng drags spinner  
off and s p i n n e r  on would be. c o r r e l a t e d  OE t he  basFs o f  
cooling drag, as the !~omer?1;:;1m de fec t  o f  the  ex-it c c o l h g  
a i r  car! af'fcct only t h a t  ,poi_t i on  of t h e  n a c e l l e  behind 
the cowl f laps ,  For a c;iwn c o n f i p r a t i o n ,  howevdr, a 
change Sn cooling drag involves  a change il? i n l e t -  
ve loc i ty  r a t i o ,  and thLi-c;;Sy mag a f f e c t  the cowling drac.  
Figure l5(b) s h o w  t h a t  s epa ra t e  ciwves a rc  obtained f o r  
the  ayparent cowling dyug o f  the  two confi;;urctfons when 
p l o t t e d  aga ins t  c o d i n g  &ag. The apparent ,;owling drag 
a r e a  has  been r e p l c t t e d  i n  f i g u r e  l 5 ( c )  a p i n s t  the 
cowling i n l e t - v e l o c i t y  r a t i o .  A l l  po in t s ,  bc th  spinner  
on end spinner  off, appear t o  fall on 8 s i r q : l u  curve 
Ind ica t ing  t h a t  under thc  t e s t  condi t ions  the  apparent 
cowling drag v a r i e s  on ly  with i n l e t - v e l o c i t y  r a t i o .  
addi t ion  of' the spinner decreased the  appai-znt cov!ling 
drag but on ly  insofar  a s  the i n l 6 t - v e l o c i t y  r a t i o  was 
increasLd. Parallel r e s u l t s  mi; i nd ica t ed  ir, r e fe rence  'j 
f o r  thr3 e f f e c t  of a sp inne r  on the  v e l o c i t y  d i s t r i b u t i o n  

The 



over the  cowling. In  reference 5 it i s  shown t h a t  f o r  
this  type of cowling the  c r i t i c a l  i n l e t - v e l o c i t y  r a t i o ,  
below which pressure peaks forrn on the  nose of the  
cowlfng, i s  about 0.33. In  f igu re  l 5 ( c )  i t  i s  seen that 
below 811 i n l e t - v e l o c i t y  r a t i o  o f  about 0.30 the  a p p r e n t  
cowlirlg drag  begins t o  r i s e .  This  r i s e  i n  drag i s  
a s soc ia t ed  with the  development o f  pronounced pressure  
peaks leaCiLng t o  l o c a l  s epa ra t ion  over t h e  l i p  of the 
cowli3g.. Above afi i n l e t - v e l o c l t y  r a t i o  o f  0.30, i n  
which ranee the cowllng pressure d ia t r - ibu t imi  i s  smooth, 
the  drag i s  t h a t  t o  be expccted f r o n  sk in  f r i c t i o n  alone, 
and f7mthe r  reduct ions  i n  apparent cowling d rac  a re  
n e g l i g i b l e  S l i g h t l y  d i f f e r e n t  r a s u l t s  might have been 
obtal-ned i f  the  spinner-on case cou1.d have been extended 
below i n l e t - v e l o c i t y  ratios of 0.30 by r e s t r i c t i n g  the  
a i r  f low The consequent high adverse pressure g rad ien t  
a long the  spinner  i n  t h i s  imprac t ica l  condi t ion  would 
cause separa t fon  of the flow ahead of  t he  i n l e t  r e s u l t i n g  
i n  unsteady f low not only i n t o  the  i n l e t  bu t  a l s o  over 
t he  cowlf-zg. It has been sh.own i n  r e fe rence  6 t h a t  
under sinil.ar condi t ions  the  flow over a scoop w i t h  a 
r e l a t e d  boundary layer  s i ini lar  t o  t h a t  on a spinner  
f l u c t u a t e d  from smooth f l o w  w i t h  low drag t o  flow w i t h  
h i @  pressure peaks and high drag, 

In  f i g u r e  l 5 ( a )  i t  i s  seen t h a t  t h e  s lope of t h e  
curve of t o t a l  n a c e l l e  d rag  versus cool ing  drag i s  lower 
wnrfth: spinner off  than with spinner on. . Since t h e  
var ia t9on  o f  af terbody drag  i s  the same spinner-on and 
sp inner -of f ,  the d i f fe rence  i n  s lope i s  caused only by 
t he  v a r i a t i o n  of apparent Cowliilg d r a g  with i n l e t -  
Veloci ty  r a t i o .  With spinner  o f f  t he  cowling i s  
opera t ing  on the s t eep  p o r t i o n  o f  the  curve i n  f i g u r e  l 5 ( c )  
whFureas with. spinner on i t  i s  opera t ing  on the f l a t  por t ion  
of t h e  'curve. This accounts f o r  the  xo re  r a p i d  com- 
pensa t ing  v a r i a t i o n  of e x t e r n a l  nace l l e  drag .rrfth cool ing  
&as, sginner  of f .  With spinner o f f ,  about one-half ,  
and with sginner  on about two-thirds of a given change i n  
coolLng drag appeared as  a. change i n  total .  nace l l e  drag. 

D i s t r i b u t i o n  of drag i n  the n a c e l l e  wake.- Sample 
p l o t s  of t he  d i s t r i b u t i o n ' o f  gofnt &a@ c o e f f i c i e n t  cd'  
i n  t he  nace l l e  wake a re  presented i n  ff,gure 16. 
has, i n  genera l ,  a c h a r a c t e r i s t i c  hour-glass shape 
i g d f c a t i n g  low drag on t h e  nace l le  s i d e s  j u s t  'below the  
lower wing-nacelle junc tures ,  and a colzsequent v e r t f c a l  
displacement o f  the regions of high drag on t h e  upper and 

The wake 
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lower sur faces  of the n a c e l l e .  The wing wake map be seen 
p r @ j e c t i n g  from e i t h e r  s ide  of the n a c e l l e  ;.lake. The 
hi;:her drag of the wing on t h e  m t b o a r d  side of the 
nace l l e  i s  !)robably due t o  t h e  a d d i t i o n a l  drag of the  oil 
cooler  l oca t ed  a.t t h a t  s ta t ion . .  The genera l  spreading 
of  the wake t h a t  occws upon removal of the spinner  i s  
evident  from a comparison of p a r t s  ( b )  and ( d )  of 
f i g u r e  16 f o r  the  normal cowl-flap pos i t i on .  The increase  
i n  drag with cowling e x i t  a r e a  may be seen by comparing 
p a r t s  ( a ) ,  ( I ) ) ,  and ( c )  for the spinner-off condi t ion  
and p a r t s  ((I) and ( e )  f o r  the  spinner-on condi t ion .  

S icn i f icance  of nace l l e  dvag maswre;!ients.- The 
c~m~Wisoi1E of the nace l l e  wake :ne8.sUi-c::.ients' with the 
measwed s p e d  change a have sliown. gcjod agreement . 
Although t'ne da t a  eva lua t ion  i s  labor ious ,  the r e s u l t s  
obtat-ccd fi idicute t h a t  wake surveys i n  three-dimensional 
f l o w  o f fe r  an e f f e c t i v e  -mans f o r  a n a l y s i s  of t he  d rag  
or t h r u s t  of hii-planc components such a s  n a c e l l e s  under 
act11al f l . ight condl t i  o m .  

The r e s u l t s  o f  t h e  f l i gh t  t e s t s  of t h i s  r e p o r t  and 
the wind-tunnel t e s t s  o f  r e f e rence  4 i nd ica t e  t h a t  f o r  
the A-263 airplane the sginner-on e x t e r n a l  nace l l e  d r a g  
c o e f f i c i m t ,  based on f r o n t a l  a rea ,  i s  about 0.07. 
Although t h i s  c o e f f i c i e n t  i s  reasonably low, the  e x t e r n a l  
drag of the two n a c e l l e s  i s  about 20 pbrcent of t h e  t o t a l  
a i rp l ane  drag. Thu t o t a l  d rag  of the two nace l l e s  
amounts t o  a b m t  30 pcrccnt  of the t o t a l  a i rp l ane  drag  
i n  the liTgh-s?eed condi t ion  vrith normal cowl-flap s e t t i n g .  
These percentages e re  s l icht lg  hf@er  with spinner off'. 

As t he  aerodynarrlic c lsannoss  of  a i r p l a n e s  cont inues 
t o  be imyroved, the dras  of n a c e l l e s  w i l l  bkcome an even 
l a r g e r  po r t lon  of the t o t a l  drag. This  proport ion 
i n d i c a t e s  a need not only f o r  cont inuing Improvement of  
nace l l e  form, but a l s o  for a thorough r eeva lua t ion  of t h e  
comparative advantages of engines 01- a i rp l ane  des igns  
whj ch reduce o r  e l imina te  n a c e l l e s  . 

1, F11Zght; t o s t s  of modi f ica t ions  t o  khz charge-air  
indvct ion system of an A-2613 a i rp l ane  i r?dicste  t h a t :  
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( a )  The optimum conf igura t ion  i x l u d e s  sea l ed  
sp inners ,  NACA elbows, and any of t h e  t h r e e  i n l e t s  
t e s t e d . .  The t o t a l  pressure a t  the f a c e  o f  the 
carbure tor  was 94 percent of  the  a i rp l ane  impact 
pressure  lead ing  t o  an improvement over t he  o r i g i n a l  
of 1600 f e e t  i n  high Slower c r i t i c e l  altitude and 
8 mi les  per hour  i n  tlic t o p  speed, because of  
increased  ram. 

( b )  The optimum conf igura t ion  f o r  us8 Without 
spinneps is that w i t h  the NACA e n t r i e s  and elbows. 
An improvement i n  ram over the o r f g i a a l  i s  r e a l i z e d  
with t h i s  conf igura t ion  @nd,ls equiva len t  t o  1200 feet  
i n  c r i t i c a l  a l t i t u d e  and 6 miles pe r  hour  t o p  speed, 

2. Analysis of the speed and poIver measurements 
i n d i c a t e s  t h a t :  

( a )  Sea ls  over the  spinner  rear bulkheads caused 
an improvement i n  speed of 4 miles per hour through 
aerodynamic refinement.  

( b )  The rnodified nace l l e  a f t e rbod ies  proZtlced 
no speed changes i n  the  spinner-on coni 'fgwation 
but appearod t o  cause an inc rease  of 2 milos per  
hour  i n  the  spinner-off conf igura t ion .  

3 .  Analysis of the nace l le  drag  i n  the  high-speed 
cor,dl.tion by means of wake surveys i n d i c a t e s  that: 

( a )  Changes i n  nace l l e  wake drug were gene ra l ly  
i n  c lose  agreement with the  measwed speed changes. 

( b )  With nominally c losed cowl f l a y s  and 
sp inners  o f f ,  the  t o t a l  drag of the  two nace l l e s  i s  
over 30 percent  of' the  t o t a l  a i rp l ane  drag. The 
e x t e r n a l  drag alone i s  over 20 percent  o f  the t o t a l  
a i rp l ane  drag. 

o f f ,  about 25 percent  of t h e  e x t e r n a l  n s c e l l e  drag  
a r l s e s  from the apparent cowling drag and 75 parcent  
from the  af terbody drag. 

( c )  With nomijially c losed  cowl f laps  and spinner 

( d )  Under the  condi t ions of the t c s t s  the a f t e r -  
body drag was found t o  vary only with the cool ing 
drag, and the  ai2parent cowling drag t o  va ry  on ly  

21 
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with the cowling i n l e t - v e l o c i t y  r a . t i o ,  ihdependeritly 
o f  the use of sp inners  except as they  a f f e c t e d  the 
cool ing  drag o r  i n l e t - v ; l o c i t y  r a t i o .  

a given Increase  i n  cool ing  drag appeartd as an 
increase i n  t o t a l  nace l l e  drag because of the 
accompanying reduct  1.on of thc cowling snd aftLrbody 
drags 

I 
I ( e )  V i t h  spirtner o f f ,  only about 50 percent  of 
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( a )  S i d e  v i e w .  ( b )  F r o n t  v i e w .  

F i g u r e  4 . -  B o u n d a r y  l a y e r  r a k e  l o c a t i o n s  on l e f t  e n g i n e  
c o w l i n g  A-26B a i r p l a n e .  
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* Appuren f cowhoq druq 
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- - -4 Flight fests , spinner on, power on 
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Coo/hg- druq areu, 59 f.Y 
( a )  V a r i a t i o n  o f  t o t a l  n a c e l l e  d r a g  a n d  e x t e r n a l  n a c e l l e  d r a g  w i t h  c o o l i n g  

d r a g .  

I 1  I 1 - 1  I I I 1131 I 

0 .4 .8 L 2  L 6  20 
Coohng-drug urea, sq frf 

( b )  V a r i a t i o n  o f  a f t e r b o d y  d r a g  a n d  a p p a r e n t  c o w l i n g  d r a g  w i t h  c o o l i n g  
d r a g .  
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